Abstract. The new pyrrolo [3,4-d]-TTF building blocks offers considerable scope as versatile building blocks for applications in macrocyclic, molecular, and supramolecular chemistry. Exemplified here by a receptor, such as the TTF-calix[4]pyrrole. The starting 2,5-unsubstituted pyrrolo-TTF can also be used for preparation of tetra-or mono TTF-annelated porphyrins.
INTRODUCTION
Among sulfur-containing heterocycles, tetrathiafulvalene (TTF) and its derivatives have been intensively studied during the past two decades on account of their XQLTXH -electron donor properties. They have been synonymous with the development of molecular organic metals. However, during the past few years, the utility of TTF derivatives as building blocks in macrocyclic and supramolecular chemistry has revealed that the TTF moiety is useful beyond the field of materials chemistry. Indeed, in recent years, it has been incorporated into a number of exotic molecules, such as TTF-cyclophanes, TTF-catenanes, TTF-dendrimers, TTF-polymers, and TTF-rotaxanes etc.
[1] We have recently developed an effective route to the parent pyrrolo-TTF ring system -namely bis(pyrrolo [3,4-d] ) tetrathiafulvalene and its corresponding monopyrrolo [3,4-d] 
tetrathiafulvalene derivatives. [2]

THE PYRROLO-TTF
The pyrrole ring is constructed in a few steps from a 1,3-dithiole-2-thione core bearing two vicinal bromomethyl groups, where the first step is a ring closure reaction with sodium tosylamide followed by oxidation of the annelated dihydropyrrole ring to give the N-tosyl protected pyrrole 1.
[2] The tosyl group performs a triple function during the synthesis. First it activates the nitrogen in the ring closure reaction. Second it works as an excellent protecting group for the pyrrole nitrogen during the harsh triethyl phosphite coupling reaction shown on the next page. Finally, the tosyl group can be removed almost quantitatively under mild conditions from the aromatic pyrrole ring.
Next the monopyrrolo-TTF 2 was obtained in optimum yield by cross-coupling of 1 with 4,5-bis(methylthio)-1,3-dithiole-2-thione in neat triethyl phosphite. Subsequent detosylation of 2 using sodium methoxide, followed by N-alkylation proceeded smoothly to give the N-alkylated monopyrrolo-TTF derivatives.
This synthetic scheme allow introduction of almost any group at the pyrrole 1-position as well as variation by using different 1,3-dithiole-2-thiones in the coupling step.
An especially useful building block is the following bis-cyanoethyl-pyrrolo-TTF 4 which allow sequential introduction of functionalities.
Synthesis of a Mono-Tetrathiafulvalene Calix[4]pyrrole
With the monopyrrolo-TTF posessing free -positions at hand it was posible to prepare the TTFfunctionalised calix [4] pyrrole 6. This new calixpyrrole turned out to be an excellent anion-ligand, using either 1 H NMR titration or cyclic voltammetry (cv) formation of 1:1 complexes with Br -, Cl -, and F -ions was demonstrated. The anion binding affinities are two orders of magnitude higher as compared to the corresponding non-TTF calix [4] pyrroles, probably a concequence of the stronger acidity of the pyrrole-TTF-NH proton forming a stronger hydrogen bond to the anion upon complexation. [3] 
TTF-annelated Porphyrins
Preparations of TTF-annelated porphyrins using the pyrrolo-TTF building block have also been caried out. Thus the mono-TTF-porphyrin 7 was obtained in a 7% yield from the required tris-pyrrolo methane and the pyrrolo-TTF as shown in the following scheme. [4] In a related synthesis starting directly from pyrrole, pyrrolo-TTF, a benzaldehyde under acidic reaction conditions the tetra-TTF annelated porphyrin system 9 could be obtained. Alternatively the pyrrolo-TTF was mono-formylated under Vilsmeyer conditions, reduced to the corresponding hydroxymethyl derivative whereupon ring closure under acidic conditions yielded the tetra-TTF annelated porphyrin system. [5] The 1 H NMR spectra of compound 9 recorded in CDCl 3 at 298 K featured only very broadened peaks, however electron paramagnetic resonance (EPR) spectroscopy of 9 revealed a strong signal -arising from radicals -as a broad singlet without any detectable hyperfine structure at g 2.0084, either used neat or in CH 2 Cl 2 solution. The linewidth and g-value are consistent with the presence of a TTF radical cation. Quantitative EPR measurements in CH 2 Cl 2 showed that the isolated product 9 contained 19% unpaired spin, indicating that compound 9 consist of a mixture of the neutral porphyrin (i.e., 9i) and the radical cation porphyrin (i.e., 9ii) in a ratio of approximately 4:1. All attempt to obtain the neutral porphyrin 9i exclusively by chemical reduction of the paramagnetic mixture of the neutral porphyrin 11i and the radical cation porphyrin 9ii, has so far been unsuccessful. A high resolution matrix assisted laser-desorption/ionization mass spectrum (MALDI-MS) of 9 showed the exact mass, m/z 1830.076 corresponding to C 76 H 94 N 4 S 24
•+ (calcd mass M +• = 1830.0770) and together with the elemental analysis of the isolated product it proved to be the most unequivocally evidence for the formation of 9.
The CV (vs Ag/AgCl) of 9 showed two pairs of reversible oxidation waves at E ½ 1 +0.63 V and E ½ 2 +1.10 V. TLCV and deconvoluted voltammograms of 9 revealed that the first oxidation waves actually correspond to two one-electron processes with ∆E < 100 mV, whereas the second wave involves a one-step two-electron process. Thus, first a radical cation is formed, which is then closely followed by the formation of a dication (probably as a biradical). Finally, a tetracation is formed. These results suggest the presence of an isolated electron withdrawing 18π-electron porphyrin ring system in which the pyrrolo c-bonds in two of the TTF units are included in the 18π-electron ring system. Therefore, those two TTF units do not show the electrochemical characteristics of a normal TTF unit and hence only a total of four electrons are removed during oxidation of the neutral porphyrin.
The electrochemical characterisation of the mono-TTF-porphyrin 7 was more simple than for the tetra-TTF porphyrin described above. Here the deconvoluted voltammogram of 7 revealed four reversible redox waves, and it was concluded that 7 exist as the tautomer in which the pyrrolo-c bond in the TTF unit is not included in the delocalisation pathway (shown in bold) for the 18-annulene system, thus the TTF unit and the porphyrin ring system can display their individual electrochemical characteristics and that there only are weak interactions between the two components. [4] 
OUTLOOK
From the results presented here is clear that many modifications in the TTF-porphyrins and TTFcalixpyrroles are possible. Future work may result in useful and interesting systems for application in materials and supramolecular chemistry. Furthermore work in progress demonstrate that functionalisation at the 2-and 5-pyrrole positions in the TTF-pyrrole building block is possible leading to a number of potentially very useful new starting materials for convergent synthesis.
